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Integrated radiative forcing, 100 yrs (W m-2 yr-1)

Radiative forcing by atmospheric trace gases



K. Butterbach-Bahl | IMK-IFU | Mar 2009
KIT – die Kooperation von
Forschungszentrum Karlsruhe GmbH
und Universität Karlsruhe (TH)

Industrial sources

Agriculture, forests, ozeans

Soils: 60-70%

N2O

Atmospheric N2O concentrations
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Global importance of the biome type „grassland “
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Location of the target region
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Landuse in the Xilin catchment
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Grazing pressure and degradation
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Objectives of MAGIM

Central Aims of the Research Group
• Understanding of feedbacks between grazing and 

degradation on bases of a detailed analysis of the 
cycles of C, N and water 
 local - regional scales, gradient in grazing 
intensities

• Process oriented description of fluxes and pools 
with  models

• Evaluation of strategies for grazing of steppe 
ecosystems

• Regionalisation of results and scenario studies
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Grazing

Soil properties

Plant production

Microbial turnover

Nutrient export

Species composition Biosphere/atmosphere

Site/regional hydrology

Erosion

Feed quantity and quality

„Sustainable“
Management
• Meat/wool
• Biodiversity
• Water
• Erosion
• Atmosphere
• …….

Grazing effects
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IMGERS

MAGIM core sites
Hydrological
measuring points

Location of main measuring sites
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Grazing experiment

MAGIM II – Grazing experiment
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Degradation process

1.5 sheep/ha9.0 sheep/ha

September 2006

Sward degradation due to grazing
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Grazing and soil properties

 Grazing has lowered topsoil SOC and particulate organic matter due to 
lower inputs and decomposition following aggregate deterioration

 Grazing has led to to an increase in soil bulk density

Steffens et al., 2008, Geoderma
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Grazing and biomass production

Giese et al., unpublished
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Grazing and trace gas fluxes
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Ketzer et al., 2008

Interannual variability and grazing variability large! 
Ungrazed: C-sink (-40 to -80 gC/m²yr)
heavily grazed: C-source (≈ 60 gC/m²yr)

wet dry average

Soil CO2 exchange
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• Grazed plots are mostly net sources of CO2
• No significant differences in respiratory fluxes (data not shown)

Grazing and NEE

Ketzer et al., 2008
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Grazing and CH4 exchange

Liu et al., 2007, Atmospheric Environment
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Grazing and CH4 exchange

Differences in gas 
permeability are
most likely the
dominating factor for
explaining
differences in CH4
uptake between sites

Liu et al., 2007, Atmospheric Environment
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Grazing negatively affects microbial N turnover, but
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• Grazing negatively affects microbial N turnover processes

Holst et al., 2007, Ecosystems
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…., but not growing season N2O fluxes

Holst et al., 2007, Ecosystems
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Feedlots as regional hot spots of GHG fluxes

Holst et al., 2007, Plant Soil
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Contribution of different sources to landscape 
N2O fluxes at different grazing intensities 

Low N2O fluxes for urine patches and dung heaps

Dung heaps

Urine patches

Holst et al., 2007, Plant Soil
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Simple regional extrapolation for N2O

Holst et al., 2007, Plant Soil
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Did we miss something?
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What happens during wintertimes?
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Seasonal dynamics of microbial parameters
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Seasonal succession of microbial communities
(Alpine meadow, Colorado)
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Schmidt et al., 2007, Ecology

Acidobacteria
Verrucomicrobia
Cytophaga Flexibacter Bacteroides
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Indirect N2O emissions from manure management
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Implications for the global N2O source estimate
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Summary

• Grazing significantly affects plant production and 
soil properties and, thus,
• Microbial dynamics
• Trace gas fluxes (e.g. CH4, CO2)

• We do know to little about winter time dynamics
• Shifts in microbial communities?
• Importance of winter time N2O fluxes

• How well constrained is the global N2O budget when
using IPCC approaches?
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